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Atmospheric Concentrations and Depositions 
in the Georgia Basin Airshed
Wayne Belzer

Environment Canada

Abstract
The air we breathe is all around us, but very few toxic measurements have been made in the Georgia Basin. Environment 
Canada has accumulated data from several yearlong studies within this centre of B.C.’s population. Sampling and 
analyses include a wide variety of chemicals and substances. Some of these exceed guidelines. However, very little 
information exists for Canadian toxic pollutants in the ambient air. This presentation will show that there are seasonal and 
spatial variations in the Georgia Basin. Some of these pollutants can impact on acid deposition (aquatic and fish impacts), 
particle formation (health impacts) and overall air quality. Linkages between the atmosphere and the ecosystem impacts 
need to be addressed. This data is a start in the characterization of the Georgia Basin ecosystem.

Introduction
The air in the Georgia Basin contains a wide variety of chemicals and particles. Some of these substances are locally 
produced but some are the result of long-range transport to this area. Over a five-year period, Environment Canada has 
sampled the air and rainfall in four different locations to assess exactly what is in the air and what the potential impact is 
on the occupants of the Georgia Basin. 

Sites
Sites selected in the Georgia Basin were started in the eastern part of the Fraser Valley, and over several years, migrated 
westward to the Cowichan area.
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Strategy
When you don’t know what’s out there, you have to start somewhere. No previous assessment of persistent organic 
pollutants (POPs), toxic chemicals on the Priority Substance List (PSL), and no deposition assessments of loadings to the 
land, water and vegetation [sic].  This area was considered important for a number of reasons. The Lower Fraser Valley  
extends into Whatcom County in Washington State, and has international implications. This LFV area is home for 80% 
of the population of British Columbia (B.C.), estimated at over two million people. This is an area where salmon migrate 
to the sea (Fraser River) as well as a major flight path, for migratory birds.  The LFV has a very diverse land use, ranging 
from dense urban (Vancouver), recreational (Coast Mountains) to agricultural (Upper Fraser Valley area). 

Sampling Procedures

          
Photo 1.

This is a typical sampling site with a trailer infrastructure and samplers on the rooftop, where samplers are exposed to the 
ambient atmosphere.

         
Photo 2.
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Data and Discussion
Analytical Services Laboratory (ASL) performed analyses, and they were responsible for sample media preparation and 
sample analyses. 

Organic samples that  were submitted for analyses included rainwater samples collected on XAD-2 resin columns and 
dry-air samples taken on high volume filters and polyurethane foam plugs with an XAD-2 resin backup (HV/PUF). 

Inorganic samples were submitted in bags according to rainfall CAPMoN protocols; dry air samples on glass fibre filters 
of impactor plates.

Quality Assurance Field Data
Standard Environment Canada procedures for quality assurance. 

Lab Data
Lab data included method blanks, sample replicates, certified and standard reference materials and analytic or matrix 
spikes. 

Concentration and Deposition Data

CvD d ∗= Equation 1 Dry deposition

Equation 2 Wet deposition

A

V
CD *=

Only concentration data is being presented here, as there is generally a direct relationship from concentration to 
deposition via calculations already shown.

Nutrients—Rainfall

The Abbotsford and Chilliwack areas have the highest ammonium concentrations—agricultural impacts. Cowichan is 
lower—less agriculture. Agassiz was a victim of an early under-funded program—no samples taken for rainfall. Nitrate 
sources are likely from traffic or industrial sources.

Table 1. Rain concentrations.
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Concentration and Deposition Data

Nutrients Concentration—Dry-fall

The concentration of ammonia (NH3) was highest in Abbotsford, then Agassiz, Chilliwack and Cowichan (in diminishing 
order). 

Both Abbotsford and Agassiz are in rural areas, with Chilliwack and Cowichan being in a mixed urban/rural exposure. 

Sulfur dioxide (SO2) measured as sulfate (on NCD) show values within the 0.9-1.4 ug/m3 range, with higher values at 
Cowichan (1.35 ug/m3) and Abbotsford (1.29 ug/m3). 

Cowichan is relatively close to a large pulp and paper mill at Crofton, north of the site, and could explain the higher 
levels. Abbotsford is downwind from a cement-manufacturing site (10km) and this may explain their values. 

Table 2. Dry air concentration.
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Concentration and Deposition Data

Metals—Rainfall

Table 3. Rain Concentrations. 

Rain Concentrations Cowichan Abbotsford Chilliwack
Concentration (mg/L)
pH 5.04 6.43 6.48
Aluminum 0.025 0.500 0.014
Antimony 0.00009 NA 0.00010
Arsenic 0.00014 NA 0.00013
Barium 0.00084 NA 0.00074
Boron 0.0015 NA 0.0030
Cadmium 0.00016 NA 0.00055
Calcium 0.123 0.214 0.096
Chromium 0.00038 NA NA
Cobalt 0.00044 NA 0.00030
Copper 0.00159 0.02000 0.00046
Iron 0.043 0.280 0.040
Lead 0.00089 NA 0.00061
Magnesium 0.058 0.200 0.034
Manganese 0.0019 0.0135 0.0019
Mercury 0.00003 NA 0.00001
Molybdenum 0.00004 NA 0.00018
Nickel 0.00029 NA 0.00028
Potassium 0.089 NA 0.112
Silver 0.00001 NA 0.00015
Strontium 0.00066 NA 0.00065
Tin 0.00010 NA 0.00015
Zinc 0.009 0.038 0.004
Silicon NA 0.220 NA
Chloride 1.1 NA 0.9
Fluoride NA NA 0.04
Sulphate:SO4 NA 1.8 NA

The normal pH for natural rainwater is pH 5.65. In the data from these sites we have: 
• Cowichan values from 4.06-7.68. 
• Abbotsford values from 4.78-7.03.
• Chilliwack values from 5.30-7.29. 

In some cases there are acidifying substances in the rain, and in others, there are basic (or neutralizing) components 
present. 

For metals, not every species had data available due to differing sampling programs in different years.

More agricultural soil movement/ farming occur in the Abbotsford area than elsewhere, and soil is a major source of 
aluminum; as well, larger amounts of calcium, iron, magnesium and silicon.

Relatively consistent concentrations of antimony, arsenic, barium, boron, cadmium, chromium, cobalt, lead, manganese, 
mercury, molybdenum, nickel, potassium, silver, strontium and tin were measured, implying background levels. 

The Abbotsford area appears to have higher than background levels for manganese—possibly an impact of vehicle 
emissions transported from urban area and nearby highways. 
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Table 4. Metals Concentration Dry-fall.

Abbotsford site shows higher abundance of crustal materials (Al, Ca) possibly due to local soil tillage. 

Again, there is the presence of heavy toxic metals at Abbotsford (Bi, Cd, Ni, Ti, V and Zn) that is not readily explained. 
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Table  5. Organic Concentrations- Rainfall.

Phthalates are ubiquitous in all organic samples. Unfortunately, the first time they were measured was when they were 
sampled at Chilliwack. An interesting observation from these measurements is that OC & OP compounds were not 
detected in the Cowichan area! 

In the Chilliwack area, the use of Diazinon and Malathion are typical of urban grass and flower cultivation was evident 
by their prominence. For the Abbotsford and Agassiz areas, there was a massive amount of 2, 4-D measured in the winter 
of 1996; this turned out to be a long-range transport event (which will be discussed later).  

Folpet was an extra compound measured at Agassiz due to local concerns related to worker exposure—and it was found 
in the rainfall. 
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Polycyclic aromatic hydrocarbons (PAHs) were measured at Cowichan and Chilliwack and in all cases were found 
in higher concentrations at Chilliwack. This is probably due to the large croplands that are subject to field burning to 
remove surface stubble, during various times of the year.

Table 6. Organics—Dry-fall.
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Phthalates at Chilliwack were noted to be an order of magnitude larger in the dry state; this is likely due to their poor 
solubility in rainfall. 

Cis- and trans-chlordane are found mostly in dry-fall and in an approximate 1:1 ratio, indicating nearby source/use. 
Normally, Chlordane levels range from less than 0.1 to 60 ng/m3 in urban air and from 0.01 to 1 ng/m3 in rural air. It is 
a contaminant of indoor air when used for termite control; levels exceeding 1 µg/m3 have been measured elsewhere. We 
have ~0.05-0.57 ng/m3. 

Aldrin breaks down to Dieldrin. In Chilliwack and Agassiz, the ratio shows relatively complete breakdown, but in 
Abbotsford, there is more Aldrin than Dieldrin, indicating fresh nearby sources—corn crops.

2, 4-D was found at both Abbotsford and Agassiz, but this was due to long-range transport and deposition to the area. 

Ratios for Chilliwack, Abbotsford and Agassiz are 15:1, 3.3:1 and 2.8:1 respectively (normally 2.3:1), showing 
conversions of the beta (Endosulfan II) isomer to the alpha isomer (Endosulfan I). This implies a relatively aged 
concentration at Chilliwack, but newer usages at Abbotsford and Agassiz. 

Dinoseb was found at both Chilliwack and Abbotsford—it is extremely toxic; banned in US; this may be present due to 
long range transport.

Chlorpyrifos was found in high levels at Chilliwack, but was also found at Abbotsford and Agassiz. This insecticide is 
used on berry crops (common in Chilliwack). 

Malathion and Diazinon are common weed control chemicals in wide use both by homeowners and agriculturally. Both 
were found in all three Fraser Valley sites. Malathion was highest at Chilliwack and Diazinon at Abbotsford. 

Atrazine was measured at all Fraser Valley sites; it is commonly used in corn growing areas, like Chilliwack. 

PAHs are ubiquitous in the atmosphere. They are the products of combustion from vehicle emissions or simple wood 
burning. Only Cowichan and Chilliwack had PAH analyses, and values were generally higher in Cowichan. This may be 
due to more local heating with wood, or possibly due to the presence of the Crofton pulp and paper mill, to the north of 
the sampling site. 

Concerns

Data Quality
It is common practice to refer to ‘average’ values from data sets. However, minimums and maximums are also important. 
Minimums are important if you are referring to pH values, where low numbers can imply acidic conditions. 

For concentration data, maximums are important where a biologist may want to consider toxic “shock” values of short 
duration, but high concentration events. 
 
There is a potential impact in the differences in dry deposition velocities used in calculation of loadings of pollutants. 
Dry deposition is a difficult issue. Deposition is simply defined as a concentration multiplied by a deposition velocity. 

The deposition rate depends on many variables including the surface roughness of the body being impacted. Particle size 
and related momentum are important. 

Many authors experiment to develop true deposition rates, but the majority simply use 0.10 cm/sec for these calculations. 
For purposes of data comparison for different sites in similar areas, we have used the 0.1 cm/sec value. 
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Table 7. 

A different Vd results in different average nitrogen deposition amounts:
• 0.49 N kg/ha/yr (Vd=0.1, for smooth surfaces) or 
• 0.65 N kg/ha/yr (Vd is mixed for forest & grass roughness).

Table 8. 

There are also vagaries in the assessment of long-range and short-range transportation of atmospheric pollutants. Winds 
provide dilution and dispersion to both local and long-range transported pollutants. In February 1996, a peak of 2, 4-D at 
both the Abbotsford and Agassiz sites; temperatures rose to approximately 20°C. The week before and the week after this 
sample period were periods of winter snowstorms. A back-trajectory analysis of the winds showed that the ground level 
winds (1000mb) came from southern California, near the Imperial Valley. 

Correspondence with growers discovered that 2, 4-D was used as a pre-emergent herbicide seed treatment, during the 
week. This implied that unique packets of air containing pesticides could travel long distances and remain relatively 
undiluted. Local Fraser Valley sources were not possible during this time period, so the source is quite likely from 
southern California. 

Gaussian distribution would predict dilution of concentration with increasing distance from the source. A ‘packet theory’ 
would predict some dilution, but concentration could remain relatively constant.
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Figure 2. 
1000 mb (ground level) back-trajectory comes from southern California.
850 mb (~1000 ft) back-trajectory comes from the Aleutians.

Summary
The Georgia Basin area has a diverse background concentration of nutrients, metals and organic chemicals.  These 
substances vary in concentration from background levels to peak amounts—these increases may be due to local sources, 
or long-range transport. 

Further work is necessary to assess long-term variability and source apportionment. When we started this program, we 
wanted to discover the presence, concentrations and potential deposition to the Georgia Basin, and in extension, the 
Puget Sound areas. This data has provided a start in documenting temporal and spatial pictures of these substances. 


